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Abstract

Study on the effect of seeding rates and harvesting dates of hydroponic maize fodder on biomass
yield, chemical composition, in-vitro dry matter digestibility and water use efficiency was
carried out in Hawassa University. The treatments were comprised of three seeding rates of BH-
546 maize variety and three harvesting dates. A 3 x 3 factorial experiment in a Completely
Randomized Block Design was used to evaluate the effect of seeding rates (4kg/m2, 6kg/m2 and
8kg/m2) and harvesting dates (8", 10" and 12%) of hydroponic maize fodder on growth
parameters (plant height, root weight and leaf weight), biomass yield, chemical composition,
invitro dry matter digestibility (IVDMD) and water use efficiency. The study was carried out in
green house at the College of Agriculture using 27 translucent plastic trays measuring 37cm
length, 23 cm width and 9 cm height. The bottoms of the trays were drilled uniformly to open
holes to drain excess water during irrigation and placed on shelves. The effect of seeding rates,
harvesting dates and their interaction was significantly (P<0.001) affected plant height, leaf
weight and root weight of hydroponic maize fodder. Maize hydroponic fodder fresh biomass
yield was significantly (P<0.001) varied among harvesting dates with highest value at 12 day
and 8kg/m2 seeding rate. Higher (P< 0.001) DM fodder yield was observed at 8kg/m2 seeding
rate. The water use efficiency was higher in fodder harvested 12 date compared to the other
harvesting dates. The crude protein (CP) and cell wall contents such as neutral detergent fiber
(NDF), acid detergent fiber (ADF) and acid detergent lignin (ADL) were higher for sprouted
maize seed rates and harvesting dates than its grain. The average in vitro dry matter digestibility
(IVDMD) of the maize fodder (74.9%, 75.7%, 76.4%) and (74.1%, 75.8%, 77.1%) respectively
for all seeding rates and harvesting dates which was better than the other fibrous feeds. From the
above results it could be concluded that 8kg maize seeding rate has got highest fodder yield and
yield related components. The 12 date of harvesting had resulted in highest fodder yield at 8
kg/m? maize seeding rate. Thus, it is recommended to produce hydroponic maize fodder of grain
at 8kg/m? seeding rate and 12" day harvesting for higher fodder yield, optimum fodder quality
and hydroponic maize fodder production improves nutrient content with less water, less space
used and cost effective.
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Introduction (Tsegaye et al., 2008). Livestock production contributes

up to 80% of farmer’s income in our country and about
Ethiopia has a large livestock population and diverse = 20% of farmer income is derived from agriculture in
agro ecological zones suitable for livestock production  Ethiopia. Ethiopia has the largest livestock population of
and for growing diverse types of food and fodder crops  any country in Africa. In Ethiopia livestock plays a
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major role for food security, particularly small holders
and marginal farmers (Shapiro et al, 2015). Livestock
sector contribute 15-17% of national GDP and 35- 49%
of agricultural GDP, and 37- 87% of the household
incomes including monetary values and the non-
marketed services (traction and manure) in the country
(IGAD, 2010). Livestock also plays an important role in
urban and peri-urban areas for the poor evoking a living
out of it and for those involved in commercial activities
(Ayele et al., 2003). Hence, livestock remains as a pillar
for food security, human nutrition and economic growth
of the county (Shapiro et al., 2015). Despite the huge
numbers and multiple roles, livestock productivity
remained very low in Ethiopia and unable to meet the
demands for the rapidly growing population. This is
often attributed to various constraints such as feed
scarcity, high prevalence of diseases and parasites, low
genetic potential of local breeds, inadequate veterinary
services, lack of access to credit, land scarcity, and poor
management practices across all livestock production
systems (Dawit et al., 2013; Selamawit ef al., 2017 and
Welay et al, 2018). Among these constraints, poor
quality and inadequate quantity of feed supply,
especially during the dry season, were identified as the
major cause of the low livestock productivity (Adugna et
al., 2012). The major causes for feed shortage are
diminishing natural pastures/grazing land, population
growth, expansion of cropping at the expense of grazing
lands, and expansion of degradable lands, which can no
longer support either annual crops and pasture
(Alemayehu., 2004; Endeshaw., 2007). According to
CSA (2018), improved forage production covers only
0.32% of the total feed resources of livestock in Ethiopia.
Feeding of quality green fodder to farm animals could
play an important role in sustainable and economical
animal production. However, various constraints are
faced by the farmers for production of green fodder like
small land holdings, unavailability of land for fodder
cultivation, scarcity of water or saline water, non-
availability of good quality fodder seeds, more labour
requirement, requirement of manure and fertilizer, longer
growth period of forages (45-60 days), fencing to prevent
fodder crop from wild, animals and natural calamities.

Furthermore, the non-availability of constant quality of
fodder round the year aggravates the limitations of the
sustainable farming (MOA, 2014). And also long dry
period, unavailability of water for irrigation and
competition for land with food crop production are some
of the challenges that make the use of improved forage
crops still at its low level (Yayneshet, 2010; Naik and
Singh, 2013).
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Due to the above constraints and the problems faced in
the conventional method of fodder -cultivation,
hydroponics is now emerging as an alternative
technology to grow fodder for farm animals (Naik et al.,
2017). Hydroponics is an art and technology that has
revolutionizing the green fodder production during 21*
century. This is a concept of growing crops without soil
in the presence of water and proper nutrition.

This process takes place in a very versatile and intensive
growing unit where only water and nutrients are used to
produce a grass and root combination which is very lush
green and rich in nutrients (Ningoji et al., 2020). In
hydroponics fodder production, less space is needed
because the fodder is grown in trays which are arranged
in shelves inside the hydroponics system (Shashank and
Teja, 2012). As a result, hydroponic fodder production
technology has been advocated as a solution in order to
overcome the challenges faced by conventional green
fodder production and for climate change adaptation
(Muthuramalingam et al., 2015; Saidi and Omar., 2015).

Despite its importance in producing green feed to
livestock, the compatibility of the technology to the local
conditions, including its technical simplicity, cost-
effectiveness, and performance of locally available seeds
in hydroponic systems was not well assessed in Ethiopia.
Moreover, the comparative biological and economic
importance of hydroponic fodder with other forms of the
same crop (i.e. the grain as it is and its malted form) are
not evaluated for many crops including the popular
livestock grain supplement, the maize (Getachew et al.,
2020).

Maize is one of the cereals having diversified usage.
Apart from grain consumption, it is used as fodder due to
its higher fresh biomass. Maize is a better choice for
production of hydroponic fodder due to its availability,
lower cost of seeds, higher biomass production, higher
seed to biomass ratio and quicker growing habit (Naik et
al., 2012).

However, to our knowledge, no research was conducted
in the current study area on hydroponic fodder
production, particularly effect of seed rate and harvesting
ages of hydroponic maize fodder biomass yield,
chemical composition, invitro digestibility and water use
efficiency. Thus, this study was designed with the intent
of evaluating the effect of seed rate and harvesting ages
of hydroponic maize fodder biomass yield, chemical
composition, invitro digestibility and water use
efficiency with the specific objectives:



Int.].Curr.Res.Aca.Rev.2026; 14(3): 73-91

e To determine the effect of seed rates on the biomass
yield, chemical composition and invitro digestibility.

e To determine the appropriate date of harvest for
biomass yield, chemical composition and organic
matter digestibility.

e To evaluate water use and water use efficiency of
hydroponic maize fodder.

e To estimate the cost of production of hydroponic
maize fodder.

Materials and Methods
Experimental site

The experiment was conducted in green (shade) house of
Hawassa University; College of Agriculture which is
located in Hawassa city. Hawassa city is located at 273
km south of Addis Ababa via Bishoftu, 130 km east of
Sodo, and 75 km north of Dilla.

Geographically, Hawassa city is located at latitude and
longitude of 7°3'N 38°28'E and at an of elevation 1,708
meters (5,604 ft) above sea level. The city has a
prolonged period of wet season (March-October with
mean monthly rainfall varying from 85 to 133mm) with
the June to September rainfall contributing 44% of the
mean annual precipitation. The climate of Hawassa can
be classified as dry to sub-humid. The annual
temperature ranges from 9°C to 29°C, whereas the mean
monthly temperature is 19.7°C.The annual rainfall of the
area is 1124 mm (NMA, 2021).

Establishment of hydroponic system

The hydroponic system was composed of stick frame and
shelves with the rectangular shaped plastic trays were put
on the shelved stick frames to sprout the fodder grains
and each shelf of the system unit could carry 9 planting
trays and all are 27 trays.

The experiment was conducted using trays that
purchased from market with dimensions approximately
37 cm (length) x 23cm (width) x 9 cm (height) and the
available surface area for spreading of seeds in each tray
are approximately 0.0851 m? (0.37 m x 0.23 m) to
produce green fodder. An air conditioning was used to
control temperature inside the growth room which were
the experiments conducted has ranged temperature
between of 18-26°C and its average was 22.5°C, and the
humidity in the experimental room (lath house) ranged
between 35-70% during the time of experiments.

Planting materials for the hydroponic maize fodder

The maize grain variety BH-546 was chosen for the
intended study as this variety dominantly used by the
farmers in the Hawassa surrounding rural kebeles. The
seed was obtained from Sidama N/R/S of Agricultural
and Natural Resource Development bureau. The seeds
were freed from debris and other extraneous materials
before the experiment began and they undergone a
germination test to determine their viability which was
87%.The planting trays were also thoroughly cleaned by
tap water and hydrogen per oxide before use that.

Treatment of seeds before planting

The seeds were soaked in 1-2% hydrogen peroxide
solution (household bleach) for one hour separately, to
control the formation of mould and was taken place
without water for an hour, because this is the breathing
time of the seeds and it helps in proper germination.
After breathing time maize seeds were placing into
gunny bag. The seeds were thoroughly washed from
residues of the bleach and re-soaked overnight in tap
water before sowing. Before planting, soaked grains
were stored in a gunny bag in a dark room for 24 or 48
hours until a root mat emerged (Endalew et al., 2019).
Planting trays and other equipments were also cleaned
and disinfected with similar solution of 1% sodium
hypochlorite or hydrogen per oxide (Getachew et al,
2020).

Seed planting and watering

The seeding rate used in this experiment were used 4, 6
and 8 kg/m?. Before sowing the trays were stacked on the
shelves of the hydroponic system. The maize seeds were
water sprayed 1.5 lit of tap water three times a day until
harvest time or harvesting date (Lamidi et al, 2022).
Trays were irrigated manually with tap water three times
a day that mean early in the morning (1 hour), lunch time
(6 hour) and late in the afternoon (12 hour) with tap
water to provide enough water to keep the seeds/
seedlings moist.

There were no media to grow the hydroponic fodder in
the hydroponic unit except tap water (chemical free) and
sprouting trays purposely designed for cultivation and
growing of hydroponic fodder. The amount of water
irrigated to grow 4kg, 6kg and 8kg of hydroponic maize
fodder was 1.5 liter for all growth days (Weldegerima et
al., 2015).
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Biomass yield measurement

Biomass yield of hydroponic maize fodder and yield
related parameters were measured.

Accordingly, the fodder of hydroponically produced BH-
546 maize was harvested at 8",10™ and 12" days after
sowing and were measured to identify the appropriate
date at which maximum biomass yield of sprouted maize
fodder could be harvested.

Morphological data

Plant height at harvest: At the end of 8", 10 and 12®
day of sprouting, the height of the plant (cm) was taken
using transparent glass ruler. For this purpose, the
heights of ten plants were randomly taken from four
different segments of the tray and the average was
recorded.

Leaf weight: During harvesting, the weight of total
fodder (sprout with a tray) was taken first (W1). Then the
leaves were trimmed using razor blade, and the tray and
root together was weighed again (W2). The weight of the
fresh leaf was then computed as a difference (W1-W2).

Root weight: After removal of the leaf, weight of tray
and root together minus tray weight was considered as
root weight.

Leaf to root ratio: was calculated by dividing total leaf
weight to total root weight.

Total Fodder Yield: At harvesting total weight of green
fodder obtained was calculated by taking fodder and tray
weight together. Total fodder weight = fodder and tray
weight - tray weight.

Total water use and water use efficiency

The daily total water added and drained out of trays
throughout the course of experiments were recorded per
tray to compute for total water use and water use
efficiency. The total water used by plants (liters/tray) is
calculated using following equation (Al-Ajmi et al.,
2009). Drained water out of irrigation was collected in
plastic trays which was placed under each planting tray.

The total added and drained water out of trays were
recorded to compute for total water use (liters water
used/ kg fresh fodder produced) and water use efficiency
(kg fresh fodder produced/liter water was used).
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The total water used by plants (liters/tray) were
computed according to the equation:

Total water use = Total added water in irrigation — Total
drained water out of rays.

Water use efficiency (WUE) in kg fresh weight/m® water
was computed according to the equation:

Total green fodder produced (kg/tray)
WUE =

Total water used (liter/tray)
Harvesting

After 8" 10" and 12% days of plantation the samples of
fodders were collected for chemical analysis and in-vitro
digestibility. Finally, after 12 days hydroponic fodder
were harvested and total production was calculated on
DM basis.

Experimental design

The treatments for seed rates and harvesting dates were
explained under each experiment. This study was
conducted in a 3 x 3 factorial experiment in a
Randomized Complete Block Design (RCBD) with three
replications, considering the position of a tray on a shelf
as a block.

Chemical analysis and In vitro DM digestibility

Both the grain and herbage (sprouted) parts of the
hydroponically grown maize fodder was analyzed in the
laboratory. Chemical analysis of fresh hydroponic maize
fodder samples were determined at Hawassa University
laboratory. Representative fresh samples were weighed
and air-dried in a well-ventilated room by spreading over
a plastic sheet. After air drying, the samples for each
treatment per replication were weighed, packed in a
labeled polyethylene bags and taken to laboratory for
chemical analysis. Partial DM of each maize fodder was
determined by drying the fodder samples at 60°C in air
forced oven for 48h (Fazaeli et al., 2012) and ground to
pass through a Imm sieve size Wiley mill for subsequent
chemical analysis and determination of in vitro DM
digestibility (Hande et al, 2014). The DM and ash
contents were analyzed according to the procedures of
(AOAC, 2000). The Nitrogen (N) content was analyzed
by Micro Kjeldahl method and the crude protein (CP)
was calculated as Nx6.25. Neutral detergent fiber (NDF),
acid detergent fiber (ADF) and acid detergent lignin
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(ADL) were determined according to Van Soest ef al.,
(1991). The in-vitro DM digestibility (IVDMD) was
determined using the two stages Tilley and Terry (1980)
procedure. Rumen fluid was collected from intact ram
fed with ad libitum natural pasture hay, 200g concentrate
and lkg succulent natural grass per day per head at
Hawassa University. Samples of 0.5g hydroponic fodder
along with 50 ml of buffered rumen fluid were incubated
in an in-vitro digestion tube in duplicate at 39°C and
fermented for 48 hours followed by 48 hours of digestion
with pepsin. At the end of digestion, the flasks were
removed from the water bath and the residue was washed
with hot water and acetone twice. The filtrates were
dried overnight at 105°C in an oven to determine
IVDMD. The hydroponic maize fodder was evaluated
for in vitro DM digestibility with strained rumen liquor
(SRL) collected from rumen fistulated animals
maintained on green native pasture hay diet.

Production cost of maize hydroponic fodder

The costs considered for hydroponic fodder production
was seed, water, chemical and material (i.e. depreciation
of materials for hydroponic fodder unit and other
materials like perforating needle, plastic tray and saw
blade). Labor was included in cost analysis. The total
cost was computed for sources of costs, cost per seed
rates, and harvesting dates. Where MRR% is marginal
rate of return, NR change in net return and TVC change
in total variable cost.

Statistical analysis

The hydroponics fodder yield, water use efficiency,
chemical composition and In vitro DM digestibility data
was analyzed using the general linear model procedure
of statistical analysis systems (SAS, 2008). When the
analysis of variance (ANOVA) showed significant
differences among treatments, Tukey test were employed
detect differences between treatment means.

The statistical model used for the date analysis was:
Yijk= p +Bi+Sj+Hk+ (SH)jk +eijk;

Where: Yijk = an observation in in Block i, seeding rates
j, Harvesting dates k

u = the overall mean;

Bi= Block effect

Sj=is the j"level effect of seed rate;

Hk= the k" level of harvesting date
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(SH) ij = interaction effects with seed rate and harvesting
date
eijk = the residual error

Results and Discussion

Morphological parameters
fodder

of hydroponic maize

Seeding rate, harvesting date and their interaction on
plant height, root weight, leaf weight and leaf to root
ratio of hydroponic maize fodder is presented in Table
1.Seeding rate, harvesting date and their interaction were
significantly (P<0.001) affected plant height, leaf weight
and root weight of hydroponic maize fodder. Leaf to root
ratio was significantly (P<0.001) varied among seeding
rates.

Plant height

The hydroponic maize fodder height was significantly
(P<0.001) varied as of seeding rates and harvesting dates
and their interaction was also significant (P-value). The
highest plant height of hydroponic fodder maize was
21.8cm while the shortest plant height was 15.2cm which
were recorded at the 8 kg seeding rate and 4 kg and
22.1cm and 15.4 at late harvesting date of 12" day and
early harvesting date of 8" day of planting, respectively
(Table 1). This may be due to the spatial competition
between seedlings in the tray plot of highest seeding rate.
The plant height increment from early to late harvesting
may be due to the physiological response of the
hydroponic maize i.e., the continual growth and
development of the crop for agronomic managements.
Longer harvesting time will help the plant use nutrient in
the seed and hence the plant continued to increase in
height. The highest plant height of the present study was
closely related to 28 cm of previous report (Atumo et al.,
2022). Reddy (2014) also reported that hydroponic
fodder with 20-30 cm grass mat containing roots, spent
seeds and green shoots for harvesting within 6-8 days
which was higher than the present study. The mean value
of plant height for current study is in the range of values
reported by Dung ef al., (2010) and Naik et al., (2014)
who have indicated that depending upon the landraces of
grains, the hydroponic fodder looks like a mat of 11-30
cm height by the end of the germination period of about
8 day. It takes 12 days duration to develop from maize
seed to grow fodder measuring approximately 30 cm tall.
It required high seed germination percentage to provide
maximum biomass production (Rabten et al, 2016).
Based on Bekele et al., (2020) the plant height at 17®
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date of harvesting had highest value because of that the
herbages of BH-661 maize was not well grown at 7 days
of harvesting. In another experiments the average plant
height 28 c¢cm achieved on 8" day was in line with the
results reported by Naik ef al, (2013) in maize
hydroponic fodder as 20-30cm. The height of plants in
the above reports were higher than the present as
photosynthesis continue, growth of plant increase and
plant leaf also increases. This means longer harvest time
could bring higher plant leaf production. On this study
on 8" days the plant height becomes 15.4 cm this could
depend on the breed type, seed quality, temperature of
green house and humidity (moisture content). Ndaru et
al., (2020) reported the height of the hydroponic maize
fodder on the 8" day and the 20" day the plant height
reached 18.67 cm and 37.33 cm respectively. The same
author reported that 20" day harvesting time is the peak
of the plant height, then the 24" day the plant begins to
wither and does not grow significantly.

Leaf weight

The leaf weight presented in Table 1 showed significant
(P<0.001) variation for the seeding rate, harvesting date
and their interaction. The highest leaf weight 0.41 kg/m?
was recorded at the highest seeding rate of 8 kg/m? and
12" date of harvesting. The lowest leaf weight 0.27
kg/m? was recorded at 4 kg/m? seeding rate and 8" day
of harvesting. The trend of leaf weight showed
increasing with increasing harvesting date and seeding
rate. The current study result showed that staying for
some long period for 12 days with highest seeding rate of
8 kg/m2 in hydroponic maize production improved the
leaf weight by more than 10.5%. Bekele et al., (2020)
results showed that varieties with high fresh yield had
high leaf weight at 17" days of harvesting which were
46.38, 45.48, 44.9 t/ha and those varieties with low fresh
yield have also low leaf weight at 15" day of harvesting
which were 43.38, 41.66 and 39.79 t/ha, respectively.
The results shows that the longer harvest time could
bring higher plant leaf production as the photosynthesis
in plants continues which increase the plant growth and
leaf weight.

Root weight

Seeding rate, harvesting date and the interaction on root
weight is presented in Table 1. There was significant
(P<0.001) difference among seed rates and harvesting
dates on root weight. The interaction effect of seeding
rate and harvesting date was also significant (P<0.001)
for root weight of hydroponic maize fodder. The highest
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root weight of 1.66 kg/m2 was recorded at 12" day of
harvesting and 8 kg seeding rate. The lowest root weight
of 0.62 kg/m2 was recorded at 4 kg/m2 seeding rate
when harvested as early as 8" day of harvesting. The
result showed lower seeding rate at early harvesting
responded lower root weight while higher seeding rates
at late harvesting had significantly (P<0.001) higher root
weight. Increasing the seeding rate from 4 kg to 8 kg and
harvesting date from 8™ day to 12™ day of harvesting was
showed 172.1% root weight improvement. Moreover
increased seed rate will lead to more microbial growth in
root mat which effect the growth of individual plants. A
number of studies reported that sprouting resulted in loss
from the original seed after sprouting mainly due to
respiration during the sprouting process, leaching and
oxidation of nutrients from the seeds. Another author
reported that the fresh yield of the roots along with the
germinated seeds increased with the increase in the seed
rate. The results of Mesfin et al., (2020) showed that as
date of harvesting increased dry root yield decreased
which was opposite to leaf dry yield mainly because of
high moisture content of the root than leaf mean value
14.16% of the during sprouting.

Leaf to root ratio (LRR)

Leaf to root ratio was significantly varied for harvesting
date (P<0.001) and the interaction effect of harvesting
date and seeding rate was found significant (P<0.05)
(Table 1). The highest leaf to root ratio was recorded at 4
kg/ m? seeding rate and 12" day of harvesting. The
lowest LRR was recorded at 8 kg/m? seeding rate and
12" day of harvesting. The current finding is supported
by other related findings, as harvesting time increase the
leaf weight shows high increment than root weight and
the fodder had lower LRR at early harvest and higher
LRR at late harvest (Bekele et al., 2020).

Green fodder biomass, dry matter and crude protein
yield of hydroponic maize fodder as affected by
seeding rates and harvesting dates

Fresh biomass yield

Maize hydroponic fodder fresh biomass yield was
significantly (P<0.001) varied among harvesting dates
and seeding rates while not varied significantly (P>0.05)
among the interaction of seeding rates and harvesting
dates (Table 2). The fresh biomass yield was ranging
from 14.68 kg/m? for late harvesting in 12" day to 7.60
kg/m? for earlier harvesting in 8™ day after planting. This
result indicates higher fresh biomass yield in late
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harvesting than earlier in hydroponic maize fodder
production. The fresh biomass yield improvement for
late harvesting than earlier harvesting in the present
experiment was 48.9%. The fresh biomass yield variation
of hydroponic maize due to different seeding rates was
ranging from 6.84 kg/m? for 4 kg seed to 14.68 kg/m? for
8 kg/m? seeding rate. Linear increment of fresh biomass
yield was recorded for seeding rates from 4 to 8 kg/m>.
The improvement may be due to a process of embryo
growth and seed components through the higher action
of gibberellin hormone in long period than shorter
growing time that promotes the formation and growth of
roots and leaves this was reported by (Ndaru er al.,
2020). Other report also presented higher biomass yield
at higher seed rate than lower seed rates on hydroponic
fodder production (Getachew et al., 2020).Other authors
also reported the importance of viability and quality of
selected crop seed for yielding optimum biomass.
According to Baral ef al., (2021) the germination of
soaked maize seed which started on second and third day
of sowing and the roots were clearly visible from third
and fourth day onwards in hydroponics systems gave
higher biomass yield when grow up more than 10 days.
The cultivation of hydroponic fodder is a production
technology that stands out by offering a yield in a short
cycle of harvesting time, continuous production out of
season, and high productivity (Ndaru et al, 2020).
Hydroponic green fodder growing systems produce a
greater yield over a shorter period in a smaller unit than
traditionally grown crops there is no post-harvest loss of
fodder as seen in the conventional practices of hay and
silage making will be fully utilized as there is no loss of
the fodder during feeding as compared to wastages of
chopped traditional grasses (Mijena et al., 2021). Naik et
al., (2017) also reported the fresh yield of the maize
grown hydroponically will increase with increase in seed
rate up to some extent thereafter it will reduce
drastically. Reports of Naik ef al., (2013) shows that
farmers producing hydroponics maize fodder under low
cost devices or green houses revealed fresh yield of 8-10
kg from one kg locally grown maize seeds in 7-10 days
which was very high compared to the present results and
this might be due to environmental factors, type and
quality of seed.

Dry matter yield

Dry matter yield of hydroponically produced maize was
significantly (P<0.001) varied for the effect of seeding
rate, harvesting date and the interaction of seeding rates
and harvestings dates in the present study (Table 2). The
result indicated higher dry matter yield of 4.0 kg/m? at
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the seeding rate of 8 kg/m? and later harvesting date at
12" day after sowing. While the lower dry matter yield
of 1.3 kg/m? was recorded at lower seeding rate of 4
kg/m? and at early harvesting of 8" day after sowing.
Getachew ef al., (2020) reported that the dry matter yield
was increased with increasing seeding rate which is
similar to present study result. The dry matter yield
recorded in this study is in agreement with findings of
Fazaeli et al, (2012) who have reported dry matter
content of the fodder was decreased due to the sprouting
when compared to the original seeds. Similarly, Sneath
and Mclntosh (2003) reported during sprouting of the
seeds, there is an increase in the fresh weight and a
consequent decrease in the DM content which is mainly
attributed to the imbibition of water (leaching) and
enzymatic activities (oxidation) that depletes the food
reserves of the seed endosperm without any adequate
replenishment from photosynthesis by the young plant
during short growing cycle and under dark conditions,
there is increase in the DM loss which slows down after
day 4 in lighted conditions when photosynthesis begins
(O’Sullivan, 1982). According to Ningoji et al., (2020)
the increased seed density might further increased
temperature of the microclimate owing to higher plant
respiration and leading to lower accumulation of dry
matter.

Crude protein yield

Crude protein yield was significantly (P<0.001) varied
for harvesting date, seeding rate and the interaction effect
of harvesting date and seeding rate of hydroponic fodder
maize production (Table 2). Crude protein yield was
ranged from 0.2 to 0.5 kg/m2 for the present study.
Higher crude protein yield of 0.5 kg/m? was recorded at
higher seeding rate of 8 kg/m? and at 12" day of
harvesting date. The lower crude protein yield of 0.2
kg/m? was observed at the lower seeding rate of 4 kg/m?
and harvested at 8" day after sowing. At higher seeding
rate and harvesting date the crude protein yield was
higher while at lower rate of seeding and early harvesting
stage the value of crude protein yield was lower. If the
value of dry matter yield is higher, the value of crude
protein yield is higher in the experiment and with lower
dry matter yields the wvalues declines accordingly.
According to Islam et al, (2016) Crude protein Yield
percentage of maize seeding rate and harvesting date in
different days(8™",9" and 10™ day) are presented that data
in the table shown that there were no significant variation
in crude protein yield of plant and root of maize forage
among the different days (8",9" and 10" day). In
agreement with (Flynn and O’Kiely, 1986) as cited by
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Morgan et al, (1992), the CP content increases
progressively with age, reaching a maximum of 48% on
day 8. However, protein content may be influenced as a
result of the nitrogen supplementation and other nutrients
changes in sprouting grains (Islam et al., 2016)

Water use and water use efficiency of hydroponic
maize fodder as affected by seeding rates and
harvesting dates

Total water use

Seeding rates and harvesting dates significantly
(P<0.001) affected the amount of water used in the
present experiment while no significant (P>0.05) was
observed for their interaction (Table 3). The total amount
of water use was ranged from 8.8 to 12.1 liter per m? for
the seeding rates and 7.8 to 12.8 liter per m? for
harvesting dates variation. The higher water consumption
was observed for the higher seeding rate and late
harvesting. At lower seeding rate and early harvesting
the water consumption was the minimum. Depend on
Suma et al,, (2020) to produce one kg of hydroponic
fodder 1.62-2 liter of water is needed if water is recycled
and 2.5-3.3 liter of water is needed if water is not
recycled.

Water use efficiency

The water use efficiency were significantly (P<0.001)
varied for harvesting dates and seeding rates of
hydroponic fodder maize production while not
significantly (P>0.05) varied for the interaction of
seeding rate and harvesting date (Table 3). The water use
efficiency of seed rates of hydroponic fodder ranged
from 0.11 to 0.2 kg fresh fodder yield per liter. The
highest fresh fodder yield of 0.2 kg per liter was
observed at highest seeding rate (8 kg/m?) in the
experiment. Water use efficiency of fresh matter fodder
was lower in the seed rate 4kg/m?2 (0.11 kg/lit) compared
to the other seed rates that had different values between 6
and 8 kg. The current result concurs with other authors in
similar work (Ningoji et al., 2020) the seed rate with
2.75 kg/m? recorded significantly higher water use
efficiency (612.22 kg/m?®) as compared to 1.50 kg/m?
(379.01 kg/m®) and it was on par with 2.50 kg/m?
(599.63 kg/m?®) and also the higher water use efficiency
under seed rate of 2.50 kg /m? is mainly associated with
higher fodder yield per unit area with same rate of water
application. According to Al-Karaki and Al-Hashimi,
(2012) this is a tremendous improvement in WUE and
indicated that hydroponic system could play a significant
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role in saving water to produce green fodder in high
amounts. Copeland and Mcdonald (2001) reported that
delaying the harvesting date of hydroponic fodder maize
was decreased the water use efficiency as observed in the
present study. Bradley and Marulanda (2001) reported
that hydroponic green fodder production technique
requires only about 10-20% of the water needed to
produce the same amount of fodder in soil culture. Other
authors also stated that only 3—5% of water is needed to
produce the same amount of fodder in comparison to that
produced under field conditions (Al-Karaki and Al-
Momani, 2011). This is a tremendous improvement in
WUE and indicated that hydroponic system could play a
significant role in improving water use efficiency in
countries that suffer from scarcity of water. Also there is
no/little wastage of water as the available water is also
recycled and utilized (Rachel et al., 2015). According to
Getachew et al., (2020) the medium and high seed rates
had higher (P< 0.05) water use efficiency of DM fodder
yield than the lower seed rates. In water use efficiency of
experiments the results of harvesting date and seed rates
and harvesting dates interaction showed non-significant
differences in fresh fodder (kg/lit) (P>0.05) and for this
reason didn’t include the results of interaction in our
discussion.

Effects of seeding rates and harvesting dates on
chemical composition of hydroponically grown maize
fodder

Chemical composition of maize grain fodder of
hydroponically produced at different seeding rates and
harvesting dates were analyzed and the results are
presented in Table 4.

Dry matter

The dry matter content of hydroponic maize fodder at
different seed rates and harvesting days are presented in
Table 4. There were significant (P<0.05) variation in dry
matter content of hydroponic maize fodder produced the
different seeding rates (4,6 and 8kg/m?) and harvesting
days (8™,10" and 12" day). The highest DM content was
observed in 4 kg/m? seeding rate 18.0% and 8" day
highest harvesting date 16.2% respectively. There was
variation among the seeding rates (4, 6 and 8 kg/m?) on
the dry matter percentage. Getachew et al., (2020)
reported among seeding rates, the high seeding rate has
lower DM content than the other seeding rates. On this
study also the high seeding rate has lower DM content
than the other seeding rates that had lower and medium
DM content.
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Table.1 Effect of seeding rate, harvesting date and their interaction on plant height (pH, leaf weight (LW), root weight
(RW) and leaf to root ratio (LRR) of hydroponic maize fodder

Harvesting date PH (cm) LW (kg) RW (kg) LRR
HDS 15.4c 0.31c 0.9¢ 0.2
HD10 17.6b 0.33b 1.0b 0.3
HD12 22.1a 0.36a 1.07a 0.4
LSDo.0s 0.68 0.01 0.09 NS
P-value <0.001 <0.001 0.001 0.2
Seeding rate

SR4 15.2¢ 0.27c 0.7¢c 0.39a
SR6 18.2b 0.31b 0.9b 0.36b
SR8 21.8a 0.41a 1.4a 0.31c
LSDo.0s 0.683 0.014 0.0943 0.034
P-value <0.001 <0.001 <0.001 <0.001
Sig. kokk kokk skokk skskok
HD * SR

LSDo.0s 0.68 0.01 0.09 0.03
P- value <0.001 0.001 0.01 0.013
CV% 3.7 4.2 9.8 9.8

&¢ Columns with different letters differ significantly; PH=Plant height; RW=root weight; LW=leaf weight; LRR=leaf to root ratio;
NS=non-significant; CV= Coefficient of Variation; HD8= Harvesting date 8"; HD10= Harvesting date 10%; HD12=Harvesting
date 12"; SR4=Seed rate 4kg/m2; SR6 = Seed rate 6kg/m2; SR8= Seed rate 8kg/m2

Table.2 Effect of seeding rate, harvesting date and their interaction on fresh biomass yield (FBMY), dry matter yield
(DMY) and crude protein yield (CPY) of hydroponic maize fodder

Seeding rate FBMY kg/m?2 DMY kg/m? CPY kg/m?
SR4 6.8¢c 1.3¢c 0.2¢c
SR6 10.4b 2.4b 0.3b
SR8 14.7a 4.0a 0.5a
LSDo.os 1.07 0.33 0.04
p-value <0.001 <0.001 <0.001
Sig. Hokok *3kk S
Harvesting date

HD8 7.6¢ 1.7¢ 0.2¢
HD10 9.6b 2.3b 0.3b
HD12 14.7a 3.7a 0.5a
LSDo.os 1.07 0.33 0.04
p-value <0.001 <0.001 <0.001
Sig' kkk skekk sksksk
HD*SR
p-value 1.86 0.011 <0.001
Sig. NS i okt
CV% 10.2 13 13.7

*f Means with different superscripts within column and under seed rate differ significantly; NS= non-significant; FBMY= Fresh
biomass yield; DMY= Dry matter yield; CPY= crude protein yield; CV= Coefficient of Variation, HD8= Harvesting date
8;HD10= Harvesting date 10" ;HD12=Harvesting date 12" ; SR4=Seed rate 4kg/m2 ; SR6 = Seed rate 6kg/m2 ; SR8= Seed rate
8kg/m2
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Table.3 Total water use and water use efficiency of seed rates and harvesting dates under hydroponic conditions of
maize production

Parameters Total water use Water use efficiency
Liters/m2 Fresh fodder (kg/lit) DM fodder (kg/lit)
SR4 8.8°+0.56 0.11°£0.01 0.02°+0.0001
SR6 9.7°+0.61 0.13°+0.01 0.03°+0.001
SR8 12.1°£1.02 0.20°+£0.01 0.05°+£0.001
SEM 0.35 0.0001 2.46E-06
P- value <0.0001 <0.0001 <0.001
HDS8 7.8°+0.3 0.17°+0.02 0.02°+0.003
HD10 10.2°+0.5 0.14°+0.02 0.04°+0.003
HD12 12.8°+0.8 0.13°+0.01 0.05%+£0.004
SEM 0.35 0.0001 2.46E-06
P- value <0.001 <0.001 <0.001
SR sk skkok seoksk
SR *HD * NS ok

**Means with different superscripts within column differ significantly;*P<0.05;***P<0.0001; NS=Non-significant; HD8=
Harvesting date 8";HD10= Harvesting date 10" ;HD12=Harvesting date 12" ; SR4=Seed rate 4kg/m2; SR6 = Seed rate 6kg/m?2;

SR8= Seed rate 8kg/m2

Table.4 Effect of seeding rates and harvesting dates on chemical composition (DM %) of maize under hydroponic

systems
Parameter DM Ash Cp NDF ADF ADL IVDMD
Seeding Rate
SR4 18.0°+0.2 2.6+0.08 11.6°+£0.22 35.2°+0.25 10.6°+0.30  5.0+0.23  74.9°:0.59
SR6 15.0°+0.1 2.7°+0.08 11.9°+£0.24 35.6*+0.20 10.9°+0.30 5.1°40.18  75.7°+0.37
SR8 14.0°+0.2 2.8°+0.08 12.0°+0.25 35.9%+0.27 11.0°+0.31 5.9%40.29 | 76.4*+0.34
P-value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Harvesting Date
HDS 16.2°+0.6 2.5°+0.03 12.6°+0.04 34.7°+0.1 9.8°£0.05 4.6°40.08  74.1°+0.4
HD10 15.8*40.5 2.7°+0.05 11.7°+0.1 35.8+0.08 10.7°+0.09 5.1°40.19  75.8°+0.21
HD12 15.0°+0.5 3.0°+0.03 11.2°+0.07 36.3*+0.1 11.9°+0.06 6.2°1.17  77.1°+0.1
P-value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
SR skokk skskok skkk skokk skskok kokok skokok
HD skokk kskok skokk skokk skskok skokok kokok
SR*HD NS NS NS NS NS NS NS

DM = Dry matter; NDF = Neutral detergent fibers; ADF = Acid detergent fiber; CP = crude protein; ADL = Acid detergent lignin;
IVDMD= In-vitro dry matter digestibility; NS = Non-Significant; # ® ¢ Means followed by different superscript letters within
treatments differ at p<0.05; CV= Coefficient of Variation; HD8= Harvesting date 8%; HDI10=Harvesting date 10%
;HD12=Harvesting date 12" ; SR4=Seed rate 4kg/m2; SR6 = Seed rate 6kg/m2; SR8= Seed rate 8 kg/m2
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Table.5 Partial budget analysis of maize hydroponic fodder production

Description

Fixed costs

Fencing

Material purchase (tray)
Total Fixed Costs (TFC)
Variable cost

Seed in kg

Seed cost in ETB per Kg
(1kg=45 ETB)

Water amount litre/m2
Water cost (1litre=0.5ETB)
Labor cost

Total Variable cost (TVC)
Fresh Matter yield kg/m2
Total revenue (TR) (1kg
fresh matter=40 ETB
NR=TR-TVC

ANR

ATVC

MRR%

Treatments

SR4H SR4H SR4H SR6HD SR6H SR6H SR8H  SR8H  SR&H
D8 D10 D12 8 D10 D12 D8 D10 D12

100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100
200 200 200 200 200 200 200 200 200

4 4 4 6 6 6 8 8 8
180 180 180 270 270 270 360 360 360

7.8 10.2 12.8 7.8 10.2 12.8 7.8 10.2 12.8
3.9 5.1 6.4 3.9 5.1 6.4 3.9 5.1 6.4
50 100 150 50 100 150 50 100 150

2339 285.1 | 3364 3239  375.1 4264 4139 | 465.1 5164
4.97 7.08  10.75 5.51 9.1 14.24 10.04 1492  19.07
198.8 2832 430 220.4 364 569.6 401.6  596.8  762.8

-35.1 -1.9 93.6 -104  -11.1 143.2 -123  131.7  246.4
-16.3 95.5 -114 154.3 144 114.7

51.3 51.3 51.2 51.3

D 186 D  300.7 2813 2236

HD8= Harvesting date 8'"; HD10=Harvesting date 10"; HD12=Harvesting date 12"; SR4=Seed rate 4 kg/m2; SR6 = Seed rate 6

kg/m2; SR8= Seed rate 8kg/m2

Figure.1 The first day that seed was placed on gunny bag before putting on tray
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According to Murugkar and Jha. (2009) the DM content
of the seeds decreased during sprouting compared to
original seed and this could be due to leaching and
oxidation of substances. The study of seed that tell the
original seed DM content was 95.32% and the sprouted
seed average was during sprouting of the seeds it become
decrease 18.0% on 4 kg/m2 seeding rate and 16.2% on
8" date of harvesting. During sprouting of the seeds,
there is an increase in the fresh weight and a consequent
decrease in the DM content which is mainly attributed to
the imbibition of water and enzymatic activities
(oxidation) that depletes the food reserves of the seed
endosperm without any adequate replenishment from
photo-synthesis by the young plant during short growing
cycle (Sneath and Mcintosh, 2003). Previously reported
results also indicated that, the original dry weight of the
seed decreases during soaking and subsequent sprouting
processes due to leaching of materials and oxidation of
substances from the seed (Chavan and Kadam, 1989).
The reasons for the loss in dry matter have been
considered in a number of studies. Reports of Dung et
al., (2010) showed that the loss is likely due to the use of
carbohydrates and energy within the grain for the
metabolic activities of the growing plant, without any
adequate replacement from photosynthesis of the young
plant. The reports of Chavan and Kadam. (1989) also
stated that during germination DM is lost due to the
increased metabolic activity of sprouting seeds in which
the energy for this metabolic activity is derived by partial
degradation and oxidation of starch. According to Naik
et al, (2015) the DM (89.7 (maize grain) vs. 13.4%
(fodder)) and OM (96.60-97.19 (maize grain) Vs.
96.35% (fodder)) content is decreased which may be due
to the decrease in the starch content. During sprouting,
starch is catabolized to soluble sugars for supporting the
metabolism and energy requirement of the growing
plants for respiration and cell wall synthesis, so any
decrease in the amount of starch causes a corresponding
decrease in DM and OM.

Ash

The effect of hydroponic maize seeding rate, harvesting
date and their interaction on Ash is presented in Table 4.
Seeding rates and harvesting dates had significant
(P<0.001) effect on the ash content of hydroponic maize
fodder. The data in Table 4 shown that there were
significant (p<0.001) variation in ash content of plant
and root of maize forage among the different days of
harvesting and seeding rates. The higher ash content was
observed at 12" day harvesting and at 8kg/m? seeding
rate. Morgan et al., 1992 as cited by Sneath and
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Mcintosh (2003), changes in ash and protein contents
occur rapidly from day 4 corresponding with the
extension of the radicles (roots), which allows the
mineral uptake. Morgan et al., (1992) reported that the
ash content changed from 2.1% in original seed to 3.1
and 5.3% at day 6™ and 8" respectively.

In the present results ash contents original maize grain
and hydroponically grown maize fodder showed higher
values compared to maize grain that 1.8% and
hydroponically produced, was 2.8 % for 8kg/m2 and 3.0
% for 12™ date respectively. The results clearly indicated
during the sprouting process, the total ash content that
growing maize hydroponically improves the ash increase
due to the absorption of minerals by the root content of
the fodder (Thadchanamoorthy et al, 2012). Such
techniques were proved another reports by Similarly to
current result Naik (2012) reported that the ash contents
of hydroponic maize fodder in the range of 1.56%-3.84%
which was almost similar to the present results.

Crude protein

The CP content was significantly (P<0.001) varied for
the effect of seeding rates and harvesting dates while not
significant (P>0.05) variation recorded for the interaction
of seeding rates with harvesting dates effect. The CP
content of the original maize grain was 9.45%, which
was lower than the fodder produced of it at different
seeding rates and harvesting dates grown in hydroponics
system (Table 4). Correspondingly, Islam et al., (2016)
noted the CP content of the sprouted maize showed an
increasing trend with germination time and remained
highest (P<0.05) on 7™ day (13.57%) of growth.
Apparent increase in protein content may be attributed to
the loss in dry weight, particularly carbohydrates,
through respiration during germination and thus longer
sprouting (Uppal and Bains., 2012). Higher sprouting
temperature and longer sprouting time would mean
greater loss in dry weight and more increase in crude
protein content. There is reawakening of protein
synthesis upon imbibition (Nonogaki et al., 2010), which
leads to increase in protein content in sprouted seeds.
The absorption of nitrates facilitates the metabolism of
nitrogenous compounds from carbohydrates reserves,
thus increasing levels of CP. Additionally, the sprouting
has been reported to alter the amino acid profile of maize
seeds and increases the crude protein content of
hydroponic ~ fodder = (Naik et  al, 2011).
Thadchanamoorthy et al., (2012) also reported the CP
values of hydroponic maize fodder as 16.54% which was
higher than the above reports and also higher than the
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present experimental results and such maize may be of
different variety. (McDonald et al, 2018) suggested
threshold of about 7 to 8% CP to guarantee sufficient
utilization of feed and depend on Bekele et al., (2020)
the average crude protein (CP) values were 11.17%,
13.97%, 13.93%, 13.73% and 15.03% for maize grain
and hydroponically grown fodder of varieties
respectively. The results clearly indicated that growing
maize hydroponically improves the CP content of the
fodder. Such techniques were proved important to avoid
the need for protein concentrate diets supplementation
especially for fully grown and non-lactating cows and
also Hydroponic maize fodder for present study possess
>10% CP which is intermediate CP quality for grass hay
and determining the composition and digestible nutrients
of forages harvested in a way to simulate grazing by
cattle (Atumo et al,, 2021b).

Neutral detergent fiber, acid detergent fiber and acid
detergent lignin contents of hydroponically produced
maize fodder

The effect of seeding rates and harvesting dates were
significant (P<0.001) and on NDF, ADF and ADL
contents of hydroponic maize fodder, while the
interaction effect of seeding rates with harvesting dates
were not significant (P>0.05). The NDF, ADF and ADL
content of the original maize grain was 30.5, 8.7 and
2.7%, respectively. Compared to original maize grain,
sprouted and grown seeds fibers contents were higher at
each seeding rates and harvesting dates (Table 4) which
could be attributed to the increasing fiber fraction as
stage of growth advanced. Similarly,
(Thadchanamoorthy et al, 2012) reported that NDF
contents of hydroponic maize fodder was 29.27% and
that of original maize grain was 19.22% which shows
lower value than the present study in hydroponic maize
fodder but almost comparable in case of maize grain.
According to Singh et al,, (2011) the NDF content of
hydroponic maize fodder of the current study had lower
than 45% of NDF and (ADF) contents that fulfills high
quality forage criteria and it confirms that the ruminant
animals could directly consume and could be
supplemented to other poor quality roughage diets. The
ADF and ADL contents were also in acceptable level
which do not impair digestibility in all seed rates and
harvesting dates. In their study, (Thadchanamoorthy et
al., 2012) reported that ADF contents of hydroponic
maize fodder was 10.16% and that of maize grain was
5.5% which indicated that hydroponic maize fodder
contains higher ADF than the original maize grain and it
was also true in the present results. Among seed rates
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and harvesting dates the large seed rate has significantly
higher ADF content than low seed rate.

The in vitro dry matter digestibility (IVDMD)

Effect of seeding rates, harvesting dates and their
interaction on in vitro dry matter digestibility (IVDMD)
is presented in Table 4. Seeding rates and harvesting
dates significantly (P<0.001) affected IVDMD while
their interaction on IVDMD was not significant
(P>0.05).The IVDMD of the original maize grain was
83.3%, while the fodder produced hydroponically at
different seeding rates and harvesting dates lower to that
of the maize grain (Table 4).Correspondingly,
Karunathilaka et al, (2012) reported the IVDMD of
hydroponic maize fodder harvested between 7 to 10 days
had lower IVDMD % as compared to the maize grain,
which could be attributed to the increasing fiber fraction
as stage of growth advances. This is also true in case of
the present results in which [VDMD had higher value in
grain than in hydroponic maize fodder because the
hydroponic maize fodder was sprouted for about 12%
days and in these days the soluble component in the
grain was lost for maintaining the plant. However, in
contrast (Thadchanamoorthy et al., 2012) reported that
IVDMD of hydroponic maize fodder harvested at 10™
day was 79.87% and that of maize grain was 68.75%.

Partial budget analysis of maize hydroponic fodder
production

The partial budget analysis was conducted as cost of
variable entities was calculated based on cost of seed
used in different rates of application. However, the cost
of management like watering, fencing, tray purchase,
wage of watering, harvesting, transporting, labour and
different activities disposed for hydroponic fodder maize
production was included in calculation of variable costs.
The price of 1 kg fresh grass in the local area was 40
ETB. Dry matter yield was increasing from lower
seeding rate to different higher seeding rate and each
kilogram increment in yield influencing the income
driving from the production. Net revenue 246.4 ETB is
higher in higher seeding rate (8 kg/m?2) at later dates of
harvesting (12" day after sowing) followed by 6 kg seed
at 12" day and sowing 8 kg seed and harvesting at 10"
day of sowing. In hydroponics fodder production, less
production space is required because the fodder is grown
in trays which are arranged in shelves inside the
hydroponics system (Getachew et al., 2020). Also in the
same line with the CIMMYT (1988) that any treatment
that has net benefits that are less than or equal to those of
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a treatment with lower costs that vary is dominated (D)
and the recommendation is not necessarily the treatment
with the highest net benefit, nor the treatment with the
highest yield but identification of a recommendation
requires a careful marginal analysis using an appropriate
minimum rate of return (MRR) (50-100%).Where
MRR% is marginal rate of return, NR change in net
return and TVC change in total variable cost.

Conclusion and Recommendations

The study was conducted to examine the effect of
seeding rates and harvesting dates on biomass yield, dry
matter yield and crude protein yield and nutritive values
of hydroponically sprouted fodder of maize BH-546
varieties. The current study showed that seeding rates
tested at 8kg/m* is better for hydroponic fodder
production due to higher plant height, leaf weight and
root weight with relatively low cost of production. The
12" harvesting dates per m» produced higher plant
height, leaf weight and low in root weight of hydroponic
fodder to grain cost ratio. Changing maize grain to
hydroponic fodder reduced the DM weight of the initial
grain and increased the cost of feed per kg DM.
However, quality advantage together with, water use
efficiency and the need for green fodder under the
scenarios of climate change and land scarcity for many
farmers need to be considered to use hydroponic fodder
production. Based on the result of the current study, it is
recommended to produce hydroponics maize fodder
production for farmers at seeding rate of 8 kg/m? and
harvesting dates of 12" for optimal green fodder yield
and good quality of maize fodder.
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